Gift giving is a ubiquitous social phenomenon, and red packets have been used as monetary gifts in Asian countries for thousands of years. In recent years, online red packets have become widespread in China through the WeChat platform. Exploiting a unique dataset consisting of 61 million group red packets and seven million users, we conduct a large-scale, data-driven study to understand the spread of red packets and the effect of red packets on group activity. We find that the cash flows between provinces are largely consistent with provincial GDP rankings, e.g., red packets are sent from users in the south to those in the north. By distinguishing spontaneous from reciprocal red packets, we reveal the behavioral patterns in sending red packets: males, seniors, and people with more in-group friends are more inclined to spontaneously send red packets, while red packets from females, youths, and people with less in-group friends are more reciprocal. Furthermore, we use propensity score matching to study the external effects of red packets on group dynamics. We show that red packets increase group participation and strengthen in-group relationships, which partly explain the benefits and motivations for sending red packets.
Introduction
Online red packet (formerly called "Lucky Money" or "Red Envelopes") was first released in 2014 as a new feature on WeChat, the largest social messaging platform in China. This feature enables people to send red packets to individual friends individually or randomly split a red packet among a limited number of people in a group on a first-come, first-serve basis. WeChat red packets have become viral since 2015: there were over 100 million participants during the 2016 Mid-autumn Festival alone, and the number of red packets sent over WeChat on Lunar New Year's Eve 2017 was 14.2 billion. Now, to facilitate paricipation by users overseas, it is possible for someone to send red packets by linking her PayPal account to WeChat. 1 The red packet phenomenon is an instance of gift giving, which is a pervasive behavior in human society that ranges from giving Christmas gifts to purchasing from a wedding registry [10, 20, 28, 8, 1, 27, 5] . However, gift giving is governed almost entirely by unwritten rules. Such unwritten rules have attracted interest from a wide range of disciplines, including anthropology, economics, sociology, psychology, and marketing [10, 20, 28, 8, 5] . Findings indicate that the motivations for gift giving include altruism [3, 23] , reciprocity [16, 17] , and many other factors such as prestige [14] , empathy [7] , etc. For example, the red packets between friends are mainly reciprocal and it is considered as "Renqing (favor)" in Chinese culture [9] . By contrast, sending red packets among family members is expected to enhance family bonds is usually considered non-reciprocal.
Our contribution to the literature is twofold. First, we study a new type of online red packets, the "group red packet". In contrast with traditional red packets exchanged among family members and friends, this feature allows individuals to send red packets to a group of people by randomly splitting a red packet among a limited, user-determined number of people on a first-come, first-served basis. Moreover, online platforms provide a convenient and informal channel for gift giving, which may bring fundamental changes to the age-old practice of gift giving. Second, most studies in the literature use small samples, including studies of online gifts [30, 29] . To the best of our knowledge, this is the first study to quantitatively analyze gift exchange using a dataset on millions of users. In addition, considering a different setting than the fruitful existing empirical works focusing on the West [3, 18, 22, 23, 13, 26, 21, 2, 15, 6, 16, 17, 32, 12, 25, 11] , our study includes a large sample of the population in contemporary China and sheds light on gift giving in a representative Eastern country.
In this paper, we study this new type of gift giving behavior in three respects. First, we provide an overview of the cash flow patterns among users with different demographic and geographic backgrounds. If gift exchanges were completely reciprocal, the cash flows among users from different groups would be approximately zero. However, our results reveal intriguing patterns among different demographic and geographic groups. For example, we find that users from southern provinces are inclined to export cash to their northern counterparts.
Second, we study how demographic factors such as gender and age relate to sending red packets. In particular, to distinguish the motivations for sending red packets (altruism vs. reciprocity), we define spontaneous and reciprocal red packets and identify their corresponding distinctive patterns. We find that males, older people, southerners, and people with more friends in the group tend to send more spontaneous red packets, e.g., they are more likely to be the first one to send a red packet in a group, while red packets from females, younger people, northerners, and people with more friends in the group are more reciprocal. These differences can be explained by many aspects of Chinese culture, including "mianzi", i.e. the Chinese cultural value of interpersonal dignity or prestige.
Finally, we examine the casual effect of online red packets on group dynamics. Applying propensity score matching to data on approximately seven million red packets, we conduct a quasi-experiment to study the causal effects of the cash amount in red packets. We show that increasing the amount of money in red packets can stimulate reciprocal red packets and, consequently, increase the total amount of red packets sent by members of a group. We also find that increasing the amount of money in red packets can provide the senders with new friends. Based on these findings, we shed light on the benefits of online group red packets for both senders and all group members and improve our understanding of the motivation for sending red packets. 
Results

Macro Cash Flow Patterns
We measure the directions of cash flows between users with different demographics. In particular, we are interested in examining whether, on net, the group red packets are sent from those from more-developed provinces to those from less-developed provinces. Figure 1 (a) presents the net cash flow in Mainland China. 2 First, we observe more net cash flow from the east coast to the west, or from the south to the north. This suggests that the direction of the cash flow might be significantly affected by the GDP in a region. Second, the magnitude of cash flow varies and the largest cash flow is from Guangdong to Hunan. We conjecture that this is driven by the large number of migrants from Hunan to Guangdong.
Furthermore, we are interested in understanding the relationship between the magnitude of cash flows and the geographic distance between two regions. We selected (1) Beijing, which is the capital of China and a municipality in the north with a large number of migrants, (2) Heilongjiang, which is a province in the northeast that has been experiencing significant economic difficulties and labor force outflows, and (3) Guangdong, which is the province with the highest GDP, population, and number of migrants.
We find that the net cash flows from Heilongjiang to other provinces are almost always negative and the figures from Guangdong to other regions are almost always positive. Furthermore, the cash flows for both provinces are mainly with neighboring regions, and geographic distance tends to have a negative impact on the level of cash flows. In contrast, we do not find a consistent direction of cash flows for Beijing. On the one hand, the average standard of living in Beijing is higher than in most other provinces, leading to substantial cash flows out of this region; on the other hand, there are millions of college students in Beijing, and this may lead to large cash flows into the region. The cash flows between two arbitrary provinces and the net amount of incoming cash for each province are presented in SI.
To validate the aforementioned factors affecting the interprovincial cash flows, we predict the net cash flow between two provinces by the differences in GDP and GDP per capita (PPP) and the distance between their capitals. We find that a one-thousand-RMB increase in the difference in PPP is associated with a 9.02 increase in the net cash flow (p < 0.01), while a one-kilometer increase in distance is associated with a 0.57 decrease in the net cash flow (p < 0.01), while the results for GDP are not significant. The difference in PPP measures the difference in standards of living between provinces, and these results indicate that it is more likely to see a net cash flow from a more-developed to a lessdeveloped province. We explain the effect of the distance by simple geographic proximity: nearby provinces have more interactions and migration between them.
Additionally, we also examine the overall cash flows between people of different ages and find that, generally, the net cash flow is from older to younger people. This is consistent with social norms in China, i.e., older people give red packets to younger people, especially to children and the unmarried. In terms of gender, we find that, in general, the direction of the net cash flow is from males to females. Comparing four types of cash flow (male to male, male to female, female to male, and female to female), we find that male to male represents the largest proportion (36%). Details on cash flows among age and gender groups are stated in SI.
Demographic Factors and Gift Giving
In addition to overall cash flows, we examine the motivation for sending red packets by distinguishing two types of red packets and the effect of different factors on the likelihood of sending red packets.
Reciprocity is considered an important motive for gift giving [17] . We distinguish a particular type of red packets: reciprocal red packets. If a person receives a red packet and then quickly sends a new red packet, we consider the new red packet to be reciprocal. We also define spontaneous red packets, which are initiated without the sender having recently received a red packet, and thus, these are unlikely to be triggered by reciprocity. The formal definitions are as follows:
• Reciprocal red packets. We define a reciprocal red packet based on the following three criteria. (1) The time interval between this red packet and the prior packet is no more than 600 seconds; (2) before sending this red packet, the sender had received a red packet in the previous 600 seconds; (3) the two consecutive packets are not sent by the same person. In other words, if we observe someone receiving a red packet from another group member in a short period and sending a red packet to the same WeChat group, it is likely that she is motivated by reciprocity.
• Spontaneous red packets. If the time interval between a red packet and the prior red packet is more than 24 hours, we consider it to be a spontaneous red packet. It is very unlikely that users send such red packets to express reciprocity, and one possible motivation for sending them is to promote group communication.
We define propensity to send given feature F (see Methods). Fig. 2 presents the average propensity score for key features across all groups. We then define the relative propensity to send each particular type of red packets given a feature F . Specifically, we subtract the propensity to send any red packet from the propensity to send a spontaneous/reciprocal red packet. The results are shown in Fig. 3 . Details of definition of the variables can be found in SI.
We have the following observations based on Figures 2 and 3. Please refer to SI for the definition of related variables.
• Gender: In general, men are more likely to send red packets than women. More importantly, this gender difference is stronger for spontaneous red packets. This suggests that the motivation for sending red packets differs across genders, i.e., men are more likely to initiate sending behavior rather than reciprocate others' red packets.
• Age: Users between 30 and 40 years of age are the most likely to send red packets, especially spontaneous ones. Users less than 30 years of age are less likely to send red packets, and their red packets are more likely to be reciprocal. Users over 40 years of age are less active due to their underrepresentation and overall inactivity on WeChat.
• In-group degree: A group member of high degree (a proxy of in-group status) is more likely to send a red packet. However, they are less likely to send reciprocal red packets. One explanation is that she might be the creator of a group and tend to initiate red packets more often than others. Also, high-status people may be concerned more with their prestige and thus are more willing to spontaneously reward other group members instead of following others.
• Location. Consistent to results in cash flow, southerners are more likely to send red packets, and this holds for both two types of red packets.
We have similar analysis on receivers, which can be found in SI.
Effects of Red Packets on Social Groups
Although reciprocity is a widely accepted motivation for gift-giving, it cannot explain the motivations for all red packets. For example, sending a spontaneous red packet is unlikely to be driven by pure reciprocity. herefore, in this section, we attempt to measure the causal effect of spontaneous red packets on the group, as well as the red packet's sender, by applying propensity score matching to examine the possible benefit that red packets bring to groups.
Since it is difficult to conduct counter-factual analysis such as "what if this red packet had not been sent", we choose to match and compare the spontaneous red packets with large amounts of money compared to those with small amounts of money. Doing so allows us to determine whether a marginal increase in the money in a red packet can have significant impacts on group activities. Therefore, our treatment dummy is coded as one when the cash amount of a spontaneous red packet ≥ 100 RMB. 3 , zero otherwise. In total, we have 54,150 red packets in the treatment group and 6,133,489 in the control group. Table 1 reports the regression results. We also control for the number of splits allowed for each red packet (RPnum), and group fixed effects, including at the individual and seasonal levels.
We define a session as a sequence of red packets in a group where the interval between two consecutive red packets is shorter than τ . τ = 30min, and we examine the effect of spontaneous red packets on the session. The dependent variables are (1) the total amount of money available to following users in this session (session money); (2) the number of following users who send red packets in the session (number of following senders, or #FS); (3) the number of following red packets in the session (#FRP); and (4) the number of new in-group friends that the sender has within 1 day after a spontaneous red packet is sent (#Senders' new friends).
Compared to prior studies that match on individual-level data [4] , we further utilize group features, e.g., the size of the group, and seasonality features, e.g., whether the red packet is sent during the spring festival, to understand the causal effect of the amount of cash in red packets. All 54,150 treatment observations are successfully matched. The standardized differences of all covariates are below 0.1, which indicates insignificant imbalance between the treatment and control groups [24] .
First, compared to small red packets, on average, large red packets have 0.295 more group members following and generate 0.415 more following red packets (Columns 1 and 2). Additionally, red packets sent on special days, such as festivals and weekends, generate more following users and following red packets. Interestingly, those sent by female users and by people with lower in-group degree also have more following users and more following red packets.
Second, we examine the impact on the following session money (Column 3). We find that a large red packet, on average, increases 52.632 RMB in session money. This indicates that a large cash amount may significantly benefit other group members. Therefore, they might be more likely to reciprocate by sending red packets to the group.
Finally, we analyze the number of new friends that a group member garners by sending a large amount of red packets. On average, a large amount of red packets attracts 0.009 new friends to the sender. This indicates that red packets can help senders to attract new friends. 
Discussion
In summary, we have presented the macro-and micro-level patterns in red packet sending and discussed the motivations for and benefits of sending red packets.
Studying the interprovincial cash flows improves our understanding of human mobility. The patterns that we found are consistent with a gravity model: the interactions between two areas, for example in the form of immigration and trade, are proportional to the "masses" in these two areas (population, economic development) and inversely proportional to the distance between them [19] ; similarly, cash flows between provinces are dependent on both living standards (PPP) and distance. We conjecture that the trends could be driven by immigration: people move to nearby and more developed provinces and maintain their social bonds with families and friends in their hometowns.
Our micro-level results add new dimensions to our understanding of gift giving. For example, we find that men are generally more inclined to send red packets and that red packets from women are more likely to be reciprocal than spontaneous. Most existing studies on gender differences in gift exchange, especially in charitable giving, state that women are more likely to donate to more charities [18, 3, 22] . However, in the context of group red packets, men are more likely to send red packets. Rather than pure altruism, we conjecture that income inequality and a desire for prestige account for this gender difference. Although it has decreased, the gender income gap persists in China [33] , which limits the budget available to females to reward others. Another account is the desire for prestige, or "mianzi" in Chinese culture. Findings indicate that men are more inclined to seek status than women [31] , and sending red packets, especially spontaneous red packets, provides a way to demonstrate one's generosity and wealth.
The results of differences in reciprocal and spontaneous red packets and casual effects of spontaneous red packets explain the motivations of sending red packets, and furthermore, reasons why online red packets has spread rapidly in China. We find that the increased rewards (amount of money) spontaneous red packets of increased rewards (amount of money) to a group can significant stimulate other group members to send follow-up red packets. Ultimately, spontaneous red packets generate rewards for group that exceed the packets' initial values. The explanation for this increase is likely reciprocity, that is, others have received money and feel obliged to send money in turn. Moreover, motivations of the spontaneous senders who tend to be senior or people with high in-group degree can be explained by the aforementioned benefits of sending red packets.
However, our work does suffer from limitations. First, despite the large sample size, our dataset is unable to represent the entire population of China. Although 65% people in China use WeChat, users who are active in red packets are biased toward young and middle-aged people. Moreover, we filtered out inactive groups and suspiciously highly active groups, which may also have influenced our results. Second, gender, age, location, and status differences can be confounded by unobserved factors such as income. However, because of privacy issues, we were unable to collect such information. Therefore, we are not arguing for causal effects of, for example, gender or age. Third, although we explored the motivations for sending red packets by examining the causal effects of spontaneous red packets, we do not have a comprehensive understanding of the true motivations of such sending behavior, although we propose that reciprocity and the beneficial effects on group activities could be two main reasons.
There are many promising directions for future research. For example, if we were to collect data from all message groups to which an individual belongs, we could explore her strategies for allocating money across the groups. In addition, we could also study how red packets are spread across all WeChat groups and which groups are responsible for the rapid adoption of red packets.
Methods
Data Description
We first randomly sample one million WeChat groups in which at least one group red packet was sent between October 1, 2015, and February 29, 2016. To avoid the problem of data sparsity, we exclude groups with fewer than η red packets. We further exclude extremely active groups with more than τ red packets as a group that have extremely large amounts of money in the red packets, as these might be used for online gambling, and incorporating these groups might significantly bias our results. Specifically, we empirically set η = 3 × m and τ = 50 × m, where m is the group size. In total, this selection process leaves us with 367,361 groups with 7,816,214 group members (7,380,110 unique users).
We combine three datasets for our statistical analyses, including (1) the characteristics of 367,361 WeChat groups, e.g., the number of members, total number of red packets and the total value of the red packets; (2) the characteristics of the 7,380,110 unique users in these WeChat groups, e.g., demographic variables, the number of friends and the number of WeChats that they join; and (3) propensities for red packets, such as the cash amount and the number of recipients of a particular red packet. In total, 61,501,862 red packets were sent in these WeChat groups, generating 218,301,860 recipients.
During this five-month period, the average number of red packets sent in a group is 172.88 and the average amount of money exchanged in a group is 995.78 RMB (approximately 146 USD). All details on the data and summary statistics of the variables can be found in the Data section of the SI.
Propensity to Send
We define a group g ∈ G, where R g represents number of red packets sent in group g. Among all group members (potential senders), there are N F group members with the feature in question and NF without it. Among all red packets in that group, we can compute the frequency of red packets sent by people with feature F , T F , and without feature F , TF . Then, for each group, we compute
N F +NF as the propensity to send given feature F in this group.
Covariates in Matching
To eliminate the influence of other factors, we extract various features for matching. For the group features (group-level fixed effect), we have the size of the group, density of the group network at the time red packet is sent, gender ratio, age entropy, and province entropy. For the sender features (individual-level fixed effect), we have the gender, age, location of the city (latitude and longitude), the number of WeChat friends the individual has (activity_1), the number of WeChat groups to which the individual belongs (activity_2), and the degree ratio (degree/(member count − 1)). For the seasonal features, we have whether it is during a festival (such as the spring festival period, New Year's Day, and Christmas), whether it is weekday, the period of a given day (we divide one day into six equal periods, as an integer; empirically, a higher number indicates a higher probability to send more and larger red packets), and the UNIX time stamp of the sent red packet (how many seconds from January 1, 1970, sendtime). Additionally, we have the number of parts into which the red packet was divided (RPnum). Imposing such controls can help to exclude the trivial statements such as "during festivals, people are more likely to send big red packets when people are also very active on WeChat to send red packets". 
Appendices
A Background
Comparable to the popularity of non-cash gift-giving in Western culture, Asians have a long history of giving cash to one another to express their gratitude and deepen their relationship. Moreover, they typically place the cash inside a packet, the color of which differs across cultures. For example, the packets are red in China and Singapore and white in Japan. 4 These red packets are among the most important components of festivals, for example, the Chinese lunar new year and important events such as wedding and birthdays. They are the most frequently used tool for gift exchange between friends and an effective mechanism to maintain the close relationships with family members. 5 Because of its lack of geographic constraints, WeChat significantly speeds the flow of red packets among individuals. Moreover, the popularity of WeChat groups results in an extremely interesting change -the cash flow is extended from one-to-one exchange to a one-to-many case, which is called the "Group Red Packet". Specifically, a group user can send a red packet to a WeChat group. She can either choose an identical amount or a random amount for each group member. For identical packets, she needs to specify each packet's monetary value, while for random red packets, she needs to specify the total amount. Additionally, she needs to specify the number of recipients ("quantity"), which can be fewer than the number of group members. Therefore, the lottery nature of random red packets and the possibility of not receiving a packet generate the entertainment aspect of red packets, which has made them quite popular on WeChat. Figure 4 presents an example of group red packets with a random amount. As shown in panel (a), a group member clicks the "red packet" button on the left corner of the screen. Then, a window in panel (b) pops out. Conditional on the user's choice of random amount, she determines the quantity of red packets and the total amount. She can also leave a message that will be shown at the top of the red packets, e.g., "Happy Lunar New Year!". Finally, she clicks "prepare lucky money", and the red packet is sent to the group. Thereafter, everyone in this group will be notified of this red packet (panel c) and can choose to click the "open" button to determine the (random) amount they will receive. Finally, all group members can determine the amount that all other members received. The person who receives the highest amount will be tagged with a star icon with the legend "Luckiest Draw". 6
B Data Description
There are 7,380,110 unique users in our 367,361 groups, and a user may belong to multiple groups. We retrieve each user's demographic information, e.g., gender, age, location, the number of friends, and the number of groups that she joins. Since these information is updated every month, we use the information retrieved in February 2016 for analyses. Moreover, we identify the friendship between users in the dataset. In total, there are 292,565,291 friend links in our dataset and we also accessed the date for two users become WeChat friends.
For each group g i , we retrieve group member g ij 's frequency of sending (receiving) red packets, the cash amount of each red packet, the number of messages that she posts in group i, and the time stamp that she joined group i. Table 2 reports summary statistics for groups.
As the individual level, the relevant variables are as follows. Table 3 reports summary statistics for individual users.
• Gender:Users report their gender. In total, 3,893,537 users are male, 3,438,393 are female, and the remainder have no data.
• Region and Location. (7) South contains Guangdong, Guangxi, and Hainan. Although it is imprecise, we further cluster the North, Northwest and Northeast regions as "North" and the rest as "South".
• Age. WeChat reports that they collect and infer users' age with over 70% accuracy. We classify people into six age groups: [10, 20) , [20, 30) , [30, 40) , [40, 50) and [50, 60), and [60, 70), which we name age1, age2, age3, age4, age5, age6, respectively. As shown in Table 3 , the sizes of the age groups are unbalanced.
• Degree Ratio. Group members in a WeChat group (G i ) can be either friends or strangers on WeChat. Therefore, a WeChat group is an undirected network, where each user j is a node and an edge represents a "friend" relationship between two group members. The degree of a group member j in group i, d ij , is the number of friends that she has in this group, and we define her degree ratio in a group r ij as
. The higher r ij is, the more closely a user j is attached to group i. In total, 61,501,862 red packets were sent in all groups in our dataset, and red packets were received 218,301,860 times. The average number of red packets sent in each group is 172.88, and the average amount of money is 995.78 RMB (146 USD). Table 4 reports further statistics about the red packets. Figure 5 (a) depicts the cash flows between gender pairs, i.e., MM (male to male), MF (male to female), FM (female to male) and FF (female to female). The direction of the arrow represents the direction of a cash flow, and the thickness refers to the percentage of each pair in the total cash flow between two arbitrary individuals. Specifically, 36.1% of total cash flows is within men, followed by MF (24.8%), FF(19.5%) and FM (19.3%). In total, the high percentage of within-gender cash flows might be driven by homophilypeople tend to make friends who are similar to them, as demonstrated by Figure 7 . The percentage of cash flows is determined by who is more likely to send a red packet, who is more likely to participate in receiving a red packet, and the gender composition of a group. If we want to construct a model of the gender composition of a cash flow, e.g., how likely a red packet between a male and female is, we need to consider these three factors. Figure 5 (b) illustrates the net cash flows between different age groups. Since the age distribution on WeChat is extremely unbalanced, e.g., users in [20, 30) represent approximately 50% of users, we utilize balance ratio to measure the cash flows among age groups. The balance ratio is defined as equation 1, ranging from −1 to 1, and a positive balance ratio from province (gender / age) A to B implies that users from A are more likely to send red packets to those from B. We utilize the ratio to measure the significance of the cash flows among different demographic groups.
C Cash Flows Between Demographic groups
For example, the balance ratio from group 4, aged [40, 50), to group 1, [10, 20) , is 0.41, indicating that the balance ratio from group 1 to group 4 is -0.41. The balance ratio from group 4 to other groups is always positive, while the balance ratio from group 1 to other groups is always negative (the arrow in Figure 5 ends at group 1) . This is consistent with social norms in China, whereby older people give red packets to younger people, especially to children and the unmarried (citation). The only exception is the net cash flow from group 4 to group 5, which might be driven by the fact that those aged 40 to 50 are the breadwinners in a family and have to give red packets to both older and younger people. The detailed net cash flows among location groups are shown in Figure 6 . We conclude that southern and southwestern provinces, along with Beijing and Tianjin, send more money to other provinces than they receive, while the rest are net "gainers" from red packets. The reason that Xinjiang, Qinghai and Gansu have high absolute values of the balance ratio is partly due to the low number of red packets in the sample for most western provinces.
For the regression analysis, we define the dependent variable as the net cash flow in the dataset between a pair of provinces (A and B), i.e., |Cash(A → B) − Cash(B → A)|. To remove redundant observations, we require that A has a nonnegative net cash flow to B. We use the difference in GDP (GDP(A) − GDP(B)) and GDP per capita (PPP, PPP(A) − PPP(B)) and the distance between the provincial capitals. Table 5 presents the regression results. We find that GDP is not a significant predictor, while PPP and distance are positively and negatively related to the net cash flow, respectively.
D Receiving patterns
Users are free to choose whether to receive red packets in WeChat groups. In some cases, users may race to collect red packets to secure one of a limited number of packets. In this subsection, we focus on the association between the propensity to receive a gift and other variables, including demographic variables (gender, age and location), network structural variables (degree and the number of friends) and their interaction with group variables and sender variables. In (a), the curves indicate that the cash flow is from the group at the origin of an arrow to the group at the arrowhead. The percentages on the curves indicate the proportion of that cash flow in the total cash flow (we filter out cases in which people receive red packets from themselves). In (b), the number represents an age group. * represents the age group [*0, *9]. The numbers on the edges represent the net cash flow between two age groups, normalized by the maximal value, that is, from 40 to 10. a The time between the current and preceding red packet. Unit is seconds. We do not consider the first red packets in the groups that we can observe in the dataset. b The interval between the time when the red packet is sent and the time when the previous packet was received. Red packets that were not received by anyone are not taken into account. In particular, we study the effects of individual variables on the propensity to receive a red packet, conditional on the characteristics of the senders. Similar to the propensity to send, we define the propensity to receive of a characteristic (or demographic group). We first define the revealed propensity to receive a red packet as the difference between the proportion of this demographic group among receivers of red packets and the proportion of this demographic group in the group chat. We take the average of the propensity of red packets for each group chat and, furthermore, take the average of each group. If the aggregated propensity is 0, then we believe this demographic group has the same propensity to receive as the average WeChat user. A positive sign indicates that this demographic group is more likely to receive red packets. Note that although WeChat allows the red packet senders to receive packets from themselves, we do not regard them as receivers or candidate receivers.
We define the propensity to receive of characteristic F given condition C and present the propensity conditional on different senders. In Figure 7 , we depict the propensity to receive of a given characteristic such as gender, age, degree (number of friends), location and whether the sender and receiver are friends.
• Gender. Females have an approximately +0.020 propensity to receive a red packet, . We also present the conditions given the sender.
while males are less likely to receive red packets. Interestingly, when we consider the genders of red packet senders, we find both genders have a higher propensity to receive a red packet from a person of the opposite gender. Specifically, the propensity of females to receive a red packet from a male is approximately +0.047, which is higher than the propensity of males to receive from a female (approximately +0.01).
• Age. Because we have limited samples of people over age 50, we only consider four groups: age1, age2, age3, age4, representing age groups [10, 20) , [20, 30) , [30, 40) , and [40, 50), respectively. On average, the propensity to receive red packets declines with the age when the latter is over 20, indicating that older people tend to be less likely to receive a red packet than a younger person is. On average, the propensity to receive red packets declines with the age when the latter is over 20, indicating that older people tend to be less likely to receive a red packet than a younger person is.
• Location. As shown in Fig. 7(d) , despite the statistical significance, the difference in the propensity to receive across locations is smaller than that for other variables.
• In-group degree. In-group degree is the number of friends that a user has in a group. It measures in-group social status. We define three groups: high-d (people with in-group degree that is no less than the second tercile), low-d (people with in-group degree that is no more than the first tercile) and mid-d (the rest). We find that a high-degree group member has an approximately +0.1 propensity to receive a red packet, regardless of the degree group to which the sender belongs. The propensity decreases as the degree decreases. This is probably because people with high degrees are more avid users of WeChat and are willing to spend more time to wait to receive red packets.
• Strong ties. Finally, we study whether strong ties differ from weak ties, that is, if one is more likely to receive red packets from friends than from non-friends in a given group. As shown in Figure 7 (e), when people are friends, they have an approximately +0.08 propensity to receive red packets. Table 6 reports the complete regression results. All covariates are also used as control variables. We report the most significant and interesting controls in the main article. 
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